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The importance of the lymphatic tissues and lymphoid cells  in the forma- 
tion of antibody "/-globulin is widely recognized (1).  That  these  tissues and 
these cells may, in fact, be the only sources of '/-globulin has been suggested 
by a  recent study of the morphologic defects associated with agammaglobu- 
linemia (2),  coupled with the demonstration of the lack of "/-globulin forma- 
tion by the liver, an organ that produces the larger part of the other electro- 
phoretically separable serum proteins (3, 4). 
Evidence  concerning  the  cellular  sites  of  formation  of "/-globulin in  the 
lymphatic tissues has been derived largely from observations on the cellular 
responses  to  specific  antigens  (5).  Of these  studies, by far the most precise 
demonstration of the nature and the distribution of antibody-containing cells 
has been provided by the work  of Coons and his associates  (6--10) using a 
two-stage  fluorescent  antibody method.  However,  the  existence  of  normal 
(non-antibody) "/-globulin has not been disproven. It is conceivable that the 
cells  that form the latter do not produce immune "/-globulin and  vice  versa. 
Furthermore, the character of the cellular response  to antigenic stimulation 
has varied with the type of antigen employed (6--10). There may, therefore, 
be as yet unrecognized classes  of antibody-forming cells  that have not been 
activated by the antigens used in the reported studies. 
The present investigation is concerned with the direct immunohistochemical 
demonstration of  the  cellular sites  of formation of "/-globulin in  lymphatic 
tissues and in certain lymphoid infiltrates of man, and the comparison of these 
sites with those shown to contain specific antibody in the experimental animal. 
Materials and Methods 
Preparation of Fluoreseein-Coupled Antibodles.--Antisera against human qt-globulin  1 were 
prepared in 5 rabbits and a goat, Each rabbit received 50 rag. of the antigen emulsified  in 
Freund's  adjuvants and injected in equal fractions  into 5 intramuscular  sites.  A second,  similar 
course of injections  was administered  4 weeks  later. The rabbits were  bled by cardiac  puncture 
at 3, 5, and 7 weeks  after the second course. 
1  Kindly provided by  the  National American Red  Cross. 
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The goat received 8 weekly intramuscular injections of the antigen emulsified in Freund's 
adjuvants. The first dose consisted of 50 nag., and each succeeding dose was increased by 10 
rag. Two weeks after the last injection, the goat was bled from the jugular vein. 
Suitable amounts of the goat and rabbit antisera were then alcohol-fractionated, and the 
resulting crude antibody T-globulin solutions were coupled to fluorescein by the method of 
Coons and Kaplan (11). After merthiolate 1:i0,000 was added as a preservative, the coupled 
antibody solutions were stored at  5°C. in tightly stoppered test tubes shielded from fight by 
aluminum foil. 
Fluorescein-coupled rabbit anti-chicken T-giobufin was prepared in the same manner as the 
rabbit anti-human T-globulin fluor, the antigen in this case being the crude T-globulin fraction 
of chicken serum obtained by alcohol fractionation. 
Source and Preparation of Tissues --Lymph nodes of normal appearance in the gross were 
obtained from 15 patients subjected to regional node dissections for cancer. Eight of these 
specimens were from the axfila, 4 from the neck, 2 from the groin, and 1 from pericofic fat. 
Two to five lymph nodes relatively free of fat were selected for study from each dissection. In 
7 of the specimens,  metastatic tumor was demonstrated in other lymph nodes. This material 
was supplemented by lymph node biopsies (2 groin, 1 axilla) from 3 patients with lympho- 
sarcoma. In addition, small, fatty retroperitoneal lymph nodes were obtained from 2 autopsies. 
In one of these cases, death resulted from uncontrolled bleeding at the site of a massive tumor 
recurrence in the neck, 2 months after extirpation of a primary tongue carcinoma and a radical 
neck dissection; in the other,  the postmortem findings included suppurative pyelonephritis 
and massive necrosis of the liver associated with shock. The latter patient had been treated for 
cervical carcinoma by anterior exenteration of the pelvic organs 15 days prior to death. 
The other lymphatic tissues studied consisted of spleens from 4 patients subjected to ex- 
tended radical gastrectomy for gastric cancer, and I spleen from an autopsy of a ease having 
the clinical, immunological and ultracentrifugal findings of idiopathic macroglobulinemia of 
Waldenstrom as cited in reference 12. All the spleens were of normal size and gross appearance. 
Of the patients  supplying the lymph node material,  15 were female, and  $ male. They 
ranged from 19 to 65 years of age, with a median ageof 47 years. The spleenswereremoved from 
males between 50 and 79 years of age with a median age of 64. 
Lymphoid infiltrates were provided by the stroma of 6 medullary carcinomas of the female 
breast  (13) treated by radical mastectomy. 
Portions of each tissue were cut into blocks of appropriate size and fixed in 10 per cent 
neutral formalin. Companion blocks were transferred directly to glass slides and frozen quickly 
by placing the slides on blocks of dry ice, laying a  sheet of wax paper over the tissues, and 
covering the whole with powdered dry ice. After freezing, the slides were inserted into glass 
containers which were sealed  and  then stored  at  -18°C. Frozen tissue blocks were readily 
freed from these slides with a scalpel prior to sectioning. 
Frozen Sectioning.--Frozen  sections of an indicated 4/~ thickness were cut in a  cryostat 
at  --25°C using a standard  Spencer rotary microtome. The sections were affixed to unalbu- 
minized slides by drying for at least 20 minutes in ra~uo. One slide of each tissue was then 
placed in  10 per cent neutral formalin and  the remaining slides were stored in sealed glass 
containers at 5°C. 
Fluorescence Staining.--To remove non-specific  staining (7), aliquots of the fluorescent anti- 
body solutions were absorbed, as required, with lyophillzed whole fiver homogenates in the 
proportion of 100 rag. of fiver powder to 1 ec. of stain. Optimal results were achieved by absorb- 
ing the rabbit conjugates with mouse fiver and the goat conjugate with rat liver for 1 hour at 
room temperature.  After absorption each solution was centrifuged at 12,000 r.p.m, and the 
supernatant  was passed through a moistened Seitz filter. Prior to staining, the tissue frozen 
sections were immersed for 10 minutes in acetone, dried, and washed for 15 minutes in Coplin 
jars with 3 changes of pH 7.0, 0.01 g  phosphate-buffered saline. After excess buffer was re- L.  G.  ORTEGA AND  R.  C.  MELLORS  629 
moved by blotting, the sections were stained for 45 minutes at room temperature with a few 
drops of the labelled antibody solutions under a Petri dish containing moistened filter paper. 
The sections were then rinsed in 3 changes of buffer for 6 minutes, mounted in buffered glyc- 
erin (1 part pH 7.0 phosphate buffer, 9 parts glycerin), and sealed with paraffin. 
Contrd  Procdurea.--Tbe  staining patterns in tissue sections exposed  to  the absorbed, 
filtered fluorescent antibodies against human 3~-globulin were tested for immunologic specific- 
ity by (a)  comparing them with the staining patterns imparted by heterologous  globulin, 
namely fluorescent antibody against chicken T-globulin  and (b) "blocking" procedures.  In the 
latter, an attempt was made to aboUsh staining (green fluorescence) by pretreatment of a sec- 
tion with uncoupled antibody while simultaneously  showing that pretreatment of a companion 
section with normal homologous serum did not inhibit staining. 
The fluorescent antibody solutions prepared against human "},-globulin  produced a strong 
line of precipitation when they were reacted with this antigen in agar plates. These solutions 
were also shown to contain lesser  concentrations of precipitins against several other serum 
proteins. In order to identify the antigen or antigens involved in immunologically specific 
staining, it was necessary, therefore,  to determine the effect of selective absorption of the stains 
with highly purified serum proteins. This purpose was served in the present study by absorbing 
the stains with excesses of human serum'),-globulin,  a~-globulln,  albumin, and the fast moving 
component of t-globulin obtained by zone electrophoresis  in starch.  ~ 
Flgorescence Microscopy.--The  basic apparatus consisted of a  conventional light micro- 
scope, modified by the use of a darkfield condenser (E. Leitz), and a 1000 watt source of ultra- 
violet radiation (General Electric AH6 mercury arc). For visual work, a cell containing 10 per 
cent NaN O2 and a Coming 3389 filter were placed over the eyepiece; 2 Coming 5970 filters 
were placed at the source.  For photography, a Coming 3486 filter was placed over the eye- 
piece, and a Coming 5113 falter was placed at the source. 
Histologic PTepara~ions  for Ligh~ Microscopy.--As  routine the formalin-fixed tissue blocks 
were embedded in paraffan, cut at 41a, and stained with hematoxylln  and eosin, and the periodic 
acid-Schiff stain. Additional histologic  studies were undertaken, in many instances, by stain- 
ing with alcian blue, toluidine blue, the giemsa stain, the Gomori silver oxide stain, and phos- 
photungstic acid-hematoxylin. 
Frozen sections--companions to those stained with the fluorescent antibodies--were fixed 
in formalin and stained with hematoxylin and eosin. Frequently, the same procedure was ap- 
plied to demounted frozen sections that had been stained previously with fluorescent antibody 
and then observed in the fluorescence microscope. The latter preparations were generally use- 
less for the study of fine cellular detail, but they did provide information about architectural 
relationships and they helped to identify larger objects seen in fluorescence such as germinal 
centers. 
RESULTS 
In the following presentation,  the term 33-globulin is applied solely in con- 
nection  with  immunologically specific  staining  that  could  be  abolished  by 
prior  reaction  of  the  fluorescent  anti-human  stains  with  human  33-globulin, 
but which was  not appreciably affected  by prior reaction with  human serum 
albumin, a2-globulin, or the fast moving component of/3-globulin. 
~/-Globulin-Contalnlng  Cells.--Three  categories  of "y-globulin-containing ceils were 
identified in the fluorescence microscope, and two of these were subdivisions of plasma 
cells. 
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The most distinctive and, at times, the most conspicuous objects that were shown to 
contain ~,-globulin  were the Russell bodies of plasma cells. In the typical mature form, 
each Russell body appeared to contain an unstained  interior outlined  by  moderate 
to vivid green fluorescence at the surface (Figs.  1 and 2). While great variability was 
encountered in the number and in the size of Russell bodies from one plasma cell to 
another,  the  membrane-like fluorescence  was  shown  to  be unique  and  completely 
characteristic in our material. As a rule, the Russell bodies were round or oval, and 
each appeared to be a distinct unit, even when they were closely applied. Occasionally, 
indented or partially collapsed forms were seen, and, rarely, there was a suggestion of 
coalescence of adjacent  Russell  bodies  (Fig.  3).  Immature plasma cells with  much 
smaller, stained Russell bodies were in a  small minority (Figs.  1, 4). The nuclei of 
Russell body plasma cells were not preceptibly stained, and the nuclei did not possess 
intrinsic  fluorescence.  In the  immature forms, the nuclei  were round,  eccentrically 
located and relatively large. In those instances in which nuclei could be identified with 
certainty in the mature forms, they appeared as irregularly elliptical, negative images 
at the cell margins. 
The second type of ~,-globulin-containing  cells was composed of mature and im- 
mature plasma cells without Russell bodies. In these, the fluorescence localization was 
again exclusively cytoplasmic, but it was relatively diffuse. Usually, the staining was 
indistinctly granular or globular; occasionally, it was homogeneous, especially in the 
postmortem  material,  or  fibrillar.  The  mature  forms  had  the  configuration  of 
Marschalko plasma cells,  with  small,  round,  eccentric  nuclei.  (Figs.  5  to  10).  On 
careful focussing through some of these cells, a suggestion of a non-staining perinuclear 
halo was discernible.  In addition,  small vacuoles with non-fluorescent centers were 
sometimes encountered, most often at the cytoplasmic periphery. Less differentiated 
plasma cells of this type, which we have classified as proplasmacytes (14)  had large, 
oval, more central  nuclei and much less abundant cytoplasmic ~,-globulin (Fig.  11). 
In the immature form or plasmablast, only a thin, smooth rim of ~,-globulin surrounded 
the nucleus, usually extending into slender cytoplasmic processes (Figs. 9,  12).  The 
latter cells could not be unequivocally distinguished from large lymphocytes. 
Finally, ~,-globulin was demonstrated in the germinal centers of lymphatic nodules 
(Figs. 14 to 21). In virtually all the centers identified, many and often the majority of 
the cells which are usually referred to as large and medium lymphocytes, and primitive 
reticular cells showed some degree of specific cytoplasmic fluorescence. While varia- 
tions  in  the  over-all staining  pattern were  numerous,  the  following  characteristic 
features were noted: (a) the staining was always limited to the centers, i.e., it did not 
extend  into  the  surrounding  mantle  of  mature  lymphocytes;  (b)  the  cytoplasmic 
staining was distributed in relatively distinct granules and globules with the globules 
often seeming to consist of aggregates of dustqike granules; (c) the cytoplasmic mar- 
gins of the stained cells were very poorly defined, unlike the plasma cells, and the glo- 
bular staining appeared to ramify through portions of the centers in symplasmatic 
fashion. When the cytoplasmic globules were relatively sparse and of low fluorescence 
intensity, a  curious reticulated appearance resulted  that was, at first, interpreted as 
extracellular  localization  (Fig.  18).  However,  careful  study  of  control  slides 
and, especially, of the brightly stained centers with abundant globules left no doubt 
that the v-globulin was, at least predominantly, intracellular  (Fig.  17). L.  G.  ORTEGA AND R.  C.  MELLORS  631 
Clusters Of cells lacking specific staining were almost always present in the centers 
but  they  were  not  distributed  in  a  recognizable pattern.  Occasionally,  the  entire 
periphery or most of the interior of the centers was relatively very lightly stained or 
unstained (Fig. 16). On the other hand, foci of exceptional brilliance were encountered 
in centers where the general level of fluorescence intensity was high. The size of the 
centers did not appear to be related to the intensity of staining. Nor were we able to 
distinguish between primitive and mature 3,-globulin-containing cells on the basis of 
cytoplasmic fluorescence.  Again, the nuclei were uniformly unstained.  Certain special 
features of the splenic centers are noted subsequently. 
Indifferent  Cells.--Our material contained the usual variety of fixed and wandering 
cells encountered in lymphatic tissues and lymphoid infiltrates  (15).  We were unable 
to demonstrate ~,-globulin in mature lymphocytes, mast cells, neutrophilic and eosino- 
philic granulocytes, reticulum cells, free histiocytes or erythrocytes. 
The granules of eosinophilic leucocytes were the only cellular objects that stained 
non-specificially with the absorbed anti-human fluorescent antibodies (Fig. 13). 
The Distribution  of the ~,-Globulin-Containing Cells.--Most of the ~,-globulin--con- 
taining plasma cells were encountered in the medullary cords of lymph nodes and in 
the splenic red pulp. The Marschalko types usually occurred in clusters of variable 
size With mature forms always predominating. Russell body forms were not uncommon 
in these clusters,  but  they were more frequently seen as isolated units in a  bed  of 
non-fluorescent cells.  Both types of plasma cell were noted occasionally in germinal 
centers and in their surrounding lymphocytic mantles, in lymph sinuses,  and in the 
capsular and periarterial  connective tissue of lymph nodes and  spleens.  They were 
also found in small numbers in the lymphoid stroma of each medullary carcinoma. 
Germinal centers were present in all the peripheral lymph nodes (excepting those 
the site  of lymphosarcoma), in  one abdominal node, in the  Malpighian  corpuscles 
of 4  spleens,  and  in the lymphoid infiltrate of 1 medullary carcinoma. "},-Globulin- 
containing cells,  other  than  the occasional plasma  cell,  were  demonstrated  in  the 
majority of the centers in each of these tissues.  From the standpoint of their appear- 
ance in the fluorescent microscope, these cells formed a single class which we will refer 
to as the intrinsic cells of the germinal centers. We were unable to demonstrate the 
existence of this cell type outside the germinal centers. 
Analysis of Conventional Preparations.--On analysis in  the  light microscope, 6 of 
the non-lymphomatous lymph node specimens were considered  "normal," with  the 
remainder  showing minimal  to moderate hyperplasia  of one or more  elements.  The 
commonest alteration in the hyperplastic nodes was the presence of excessive numbers 
of plasma cells, a majority of which were Marschalko types, in the medullary cords. 
The retroperitoneal nodes, although small and fatty, showed the most marked plasma- 
cytic transformation. 
An increase in the number and the size of the germinal centers was present in three 
peripheral  node specimens, and in one case was associated with unusual numbers of 
neutrophilic granulocytes and mast cells in the medullary cords. 
The lymph nodes from the 3 cases of lymphosarcoma showed diffuse infiltration by 
tumor cells with obliteration or disruption of the normal architecture. These nodes did 
not possess germinal centers. 
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the age of the patients. Only a few, relatively small germinal centers were foufid in the 
Malpighian corpuscles and some of these were extensively hyalinized.  The marginal 
zones (16) of medium sized lymphocytes were unusually prominent. No abnormalities 
were noted in the red pulp.  In the spleen from the case of  macroglobulinemia, the 
white pulp was reduced to occasional, narrow, perivascular sheaths of mature lympho- 
cytes. The red pulp contained large numbers of predominantly mature plasma cells, 
a few of which had Russell bodies. 
The lymphoid infiltrates  of the  medullary carcinomas were composed largely of 
mature lymphocytes, mature and  immature plasma cells with and  without  Russell 
bodies, eosinophilic and neutrophilic granulocytes, and histiocytes. In one carcinoma 
located in the axillary tail of the breast, the infiltrate also contained typical lymphatic 
nodules with germinal centers. We were unable to demonstrate sinuses or other archi- 
tectural features of a lymph node in this lesion. 
Histologic Correlations.--In  several peripheral  nodes,  in  the lymphoid infiltrates, 
and  in  the macroglobulinemia spleen, plasma cells without  Russell bodies were far 
more numerous than was apparent from the observations of ~,-globulin  localization. 
In contrast, virtually all the plasma cells of this type that were present in the small, 
fatty retroperitoneal lymph nodes appeared to contain ~'-globulin (Fig. 5). The pres- 
ence or absence of ~,-globnlin  in these cells could not be related to their configuration 
or staining properties in the light microscope. 
The technical inadequacies of hematoxylin and eosin-stalned frozen sections that 
had  been  observed previously  in  fluorescence,  and  the  relatively  low  incidence  of 
Russell bodies in a given specimen, prevented a conclusive evaluation of the level of 
functional activity of Russell body plasma cells as a group. Observations derived from 
the comparison of fluorescence patterns with the hematoxylin and  eosin staining in 
adjacent frozen sections  indicated  that  most, and  possibly all,  of the fully fo~med 
Russell bodies present in our material contained "},-globulin. 
Most of the larger and many of the smaller germinal centers were sharply circum- 
scribed, cellular, "active" centers characterized by the presence of cells with an over- 
all high nucleo-cytoplasmic ratio,  a  few to many mitotic figures, abundant  macro- 
phages containing nuclear debris (tingible bodies), and relatively few plasma cells and 
mature  lymphocytes. They contained  variable  numbers  of scattered,  degenerating 
cells with pyknotic nuclei and dear or "empty" cytoplasm. Usually, there were large, 
poorly delimited  zones where  the cytoplasm was more abundant  and  more eosino- 
philic.  Typically, these germinal  centers  showed  the  brightest  and  most extensive 
specific fluorescence as illustrated  in Figs. 14 to 17. The non-uniform distribution of 
3,-globulin in many centers could not be related  with  certainty  to the cytoplasmic 
staining properties in the conventional preparations. 
The germinal centers classified as inactive were generally smaller and less cellular 
with an abundant eosinophilic "matrix" that appeared so be partially extracellular. 
They contained  very few macrophages and  no  mitotic figures.  The corresponding 
fluorescence pattern was characterized by the localization of relatively low concentra- 
tions of ~,-globulin in sparse cytoplasmic globules (Fig. 18). 
Occasional germinal centers did not conform to the foregoing descriptions in that 
they contained  disproportionately  high numbers of mature,  non-fluorescent lympho- 
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were poorly defined as though in the process of dissolution  (Fig.  19). However, the 
intensity and the distribution of the specific staining  in the intrinsic  cells of these 
centers resembled that of the small "active" centers. 
The germinal centers were relatively less numerous in the spleen than in the lymph 
nodes, but they were also more pleomorphic. Some were small, sharply circumscribed, 
and had high concentrations of -r-globulin localized in a fluorescence pattern similar 
to that described in the active germinal centers of lymph nodes. In others, there were 
extensive,  irregularly distributed deposits  of autofluorescent  hyaline material that 
appeared to consist partially of fibrin as judged from the phosphotungstic acid hema- 
toxylin-stained sections. The latter centers had poorly defined margins and a highly 
variable  number  of  intrinsic  cells  that  contained  reduced  concentrations  of 
-t-globulin in fine cytoplasmic granules (Fig. 20). In addition, a single germinal center 
was observed that showed a diffuse, smooth specific staining of high intensity in the 
cytoplasm of the intrinsic  cells (Fig. 21). This pattern was not seen elsewhere in the 
spleens or in any lymph node. No 3'-globulin was detected in the marginal  zones of 
the Malpighian corpuscles. 
Each of the lymphosarcoma nodes contained a few, widely scattered, mature plasma 
cells of both types. In fluorescence, an even smaller number of these cells, mostly of 
mature Russell body type, were observed to stain specifically. These "r-globulin--con- 
taining cells presumably represented remnants of the original node population since 
they approximated, in type and number, those encountered in the medullary cords 
of the "normal" lymph nodes. The tumor cells did not contain detectable ~,-globulin. 
DISCUSSION 
Our results indicate the existence of at least 3 categories of cells that form 
y-globulin in  lymphatic tissues  and  lymphoid infiltrates of man: 
The Plasma CeUs.--3,-Globulin appears to be formed in the cytoplasm of 2 
morphologically distinct types of plasma cells--those with and those without 
Russell bodies. Presumably, the mature forms of each type represent diverging 
lines of differentiation from a  common stem cell,  the plasmablast.  However, 
this derivation was clearly shown, on the basis of "y-globulin  content, only in 
the case of the Marschalko types. 
The  distinguishing  feature  of  Russell  bodies,  as  revealed  by  fluorescent 
antibody technique, is the presence of a  shell-like or membranous, peripheral 
concentration of reacted 3,-globulin (Figs.  1, 2). This localization pattern cor- 
responds precisely to that described for specific antibody in the hyperimmune 
rabbit  (6). While highly characteristic, this pattern cannot reflect the actual 
distribution  of ~/-globulin  in  Russell  bodies.  A  recent  electron microscopic 
analysis (17) has revealed these objects as homogeneous masses formed within 
the endoplasmic reticulum by peripheral accretion, a  finding that eliminates 
the  possibility  of an  immature  or  non-antigenic ~t-globulin  precursor being 
present  centrally.  Furthermore,  the  only membrane associated  with  Russell 
bodies is the investment of endoplasmic reticulum. The membranous portion 
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of resolution of the fluorescence  microscope.  On the other hand,  the particu- 
late component of the reticulum is composed of ribonucleoprotein (18); anti- 
bodies to this substance are not produced by the methods used in preparing 
the fluorescent stains. These observations are in keeping with the proposal of 
White  (6)  that  the  surface fluorescence  effect results  from  the  inability  of 
the heavy labelled  antibody molecules  to penetrate beyond the outer layers 
of the  Russell bodies. This  explanation  presupposes not  only a  very dense 
arrangement  of the "y-globulin but,  also,  the failure  of frozen sectioning  to 
make the interior "}'-globulin accessible to the fluorescent stains by transection 
of Russell bodies. The latter supposition is supported by our observation that 
mature Russell body plasma cells are often much thicker than other cell types 
in frozen sections.  In such cases, many planes of focus are required to define 
all the Russell bodies in a  single plasma cell, suggesting  that there may be a 
temporary deflection  of some of these bodies during microtomy. 
The formation of Russell bodies is accomplished by a generalized  and uni- 
form cytoplasmic transformation.  In the earliest stage that can be recognized 
in  fluorescence,  the  characteristic  unstained  centers  of  the  Russell  bodies 
appear  as  fine  vacuoles,  frequently obscured by extensive "flare"  (Fig.  1). 
Maturation  consists  of a  simple  enlargement  or,  occasionally,  coalescence  of 
the individual  Russell bodies (Fig.  3),  and  it appears  to take place in situ; 
the size of the bodies is not related  to the position they occupy within  the 
cytoplasm. 
It is now generally accepted that  the Marschalko plasma cells are derived 
from a primitive form resembling  a large lymphocyte, although it bears several 
names  (15,  19). We have been able to trace this derivation through a  series 
of intermediate cells (proplasmacytes) by the study of ~/-globulin distribution 
alone (Figs. 6 to 12). Apparently, maturation does not precede the formation 
of ~/-globulin in these cells but, rather,  accompanies it.  It is equally certain, 
however, that "r-globulin is present in low concentrations or not at all in many 
plasma cells of this series, regardless  of their degree of maturity. Whether or 
not  these variations  reflect a  cyclic  production  of T-globulin  remains  to be 
determined. 
The Intrinsic Cells of Germinal Centers.--The cellular  composition of germi- 
nal  centers  is diverse and  variable,  but  their  fundamental  nature  is  deter- 
mined by the presence of cells that are ordinarily referred to as medium and 
large lymphocytes, and primitive reticular cells (15). These distinctions, which 
are far easier applied to drawings than  to photographs,  have obviously been 
made in the belief that germinal  centers do not contain cells of unique struc- 
ture  or function.  It  is  our contention,  on  the basis of fluorescent antibody 
study, that  the essential  elements of all but senescent germinal  centers com- 
prise a family of ceils whose function is the formation of T-globulin.  We have 
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of the germinal centers, and because their function is reflected in a  character- 
istic fluorescence pattern that is not encountered elsewhere.  The intrinsic cells 
are  readily distinguished from the medium and large lymphocytes, and  the 
primitive reticular cells  of other areas of lymphatic tissue in terms of func- 
tion, however much they may resemble each other in conventionally stained 
preparations.  A  corollary requirement of this classification is  that  the other 
constituents  of  germinal  centers,  including small  lymphocytes, phagocytes, 
and, especially, plasma cells with and without v-globulin, are extrinsic  cells. 
The term extrinsic seems appropriate  since these cells  do not determine the 
basic character of germinal centers, and they appear to be identical in form 
and function with their counterparts outside the centers. 
Owing to technical limitations, the level of functional activity of germinal 
centers could not be  correlated exactly with the histological appearance re- 
vealed in conventional preparations. In general, it appears that high concen- 
trations of v-globulin are associated with a  slight to moderate increase in the 
amount and in the eosinophilia of intrinsic cell cytoplasm; in areas of active 
or  recent  proliferation,  the  intrinsic  cells  contain  little,  if any,  v-globulin. 
The reticulated pattern of fluorescence, often associated with the presence of 
v-globulin in a  few relatively large globules (Fig. 18)  seems to correspond to 
senescent or exhaustion changes typical of "reaction" centers (20).  It is note- 
worthy that even the largest globules in  intrinsic cells  stained diffusely for 
v-globulin,  indicating  a  less  dense  composition  than  in  Russell  bodies  of 
comparable size. 
The curious symplasmatic appearance assumed by the intrinsic cells was at 
once the most provocative and  the most uncertain of the findings obtained 
in fluorescence (Figs. 16 to  18). It may be that the poorly developed reticu- 
lum of germinal centers renders  them unusually prone  to  crushing artifacts 
with consequent obscuration of cellular outlines. If the finding is real, however, 
it provides a  clue as to why the intrinsic cells occur in circumscribed aggre- 
gations; they may be linked together to function as organized entities rather 
than as individual units in the manner of plasma cells. This is clearly an area 
worthy of study with the electron microscope. 
According to the views that have dominated discussions of the function of 
germinal centers,  these  structures are  sites of formation of mature lympho- 
cytes (15),  sites of destruction of toxins (reaction centers) (21),  or a combina- 
tion of both  (20).  In our opinion,  these concepts are as unsupported as the 
archaic notion that  Russell body plasma  cells  are  erythrophages  (15).  The 
evidence presented here strongly indicates, instead, that germinal centers are 
miniature organs of internal secretion of v-globulin. The extraordinary lability 
of  these  centers  cannot  obscure  their  organ-like possession  of a  specialized 
blood supply (15,  16),  a  specialized function, and a  systematic arrangement 
of the functioning units required  to  perform  this function. The  centers are 636  CELLULAR  SITES OF GAMMA  GLOBULIN 
"germinal" in the sense that they are sites of origin of cells that form T-glob- 
ulin. 
Several observations suggest that the release of T-globulin from its various 
sites of synthesis is accomplished by cytoplasmic fragmentation. For example, 
the mature Russell body plasma cell is manifestly a fully differentiated form, 
only a step away from the rupture of its cytoplasmic membrane and the ex- 
trusion of its contents. The occasional,  solitary, extracellular Russell  bodies 
observed in our material may have resulted from such a process. In addition, 
a  shedding of masses  of cytoplasm containing characteristic structures has 
been observed in certain Marschalko plasma cells in the electron microscope 
(22). The sequence of changes involved begins apparently with a progressive 
dilatation of the lumens of the endoplasmic  reticulum to form variable sized 
protuberances from the cell surface. Later, the attachments of these buds to 
the main body of the cell narrow, and they are eventually severed, giving rise 
to  free bodies.  Unlike the  Russell  body plasma  cell,  the transformation is 
limited to the peripheral cytoplasm. Two probable expressions of this mecha- 
nism were noted in the present fluorescence study: the finely vacuolated pe- 
ripheral  cytoplasm of occasional  Marschalko plasma  cells, and,  rarely, the 
presence of extracellular granules of T-globulin  at the margins of these cells 
(Fig. 7). 
Virtually all the larger,  active germinal centers show degenerative changes 
that may signify holocrine  secretion,  although this mechanism has not been 
demonstrated directly. The degeneration affects isolated,  scattered intrinsic 
cells, and it is characterized by cytoplasmic clearing or lysis associated with 
nuclear shrinkage and hyperchromatism. When the  cytoplasmic disintegra- 
tion is complete,  the pyknotic nuclei are ingested by macrophages,  becoming 
the so called tingible  bodies  of Flemming (15, 16). Presumably, part of the 
mitotic activity in germinal centers is an effort to replace lysed intrinsic cells. 
The number of tingible bodies and the mitotic index, thus, may be related to 
the intensity of T-globulin formation. Since apocrine and holocrine secretion 
are not features of the long  lived,  relatively stable parenchymal cells that 
form the other serum proteins (3, 4,  23)  it is probable that these secretory 
mechanisms are adaptations required for the production of antibody. 
No T-globulin was detected in mature lymphocytes, mast cells, neutrophilic 
and eosinophilic granulocytes, reticulum cells, free histiocytes, and erythro- 
cytes. The role of these cells in the formation of T-globulin, if it exists at all, 
is indirect, relatively very minor, or it is manifested under conditions so highly 
restricted that they were not represented in our material. 
An elementary consideration in  the interpretation of our findings  is  the 
question of whether T-globulin  was being formed in  the indicated ceils, or 
merely being stored. The answer is not provided by the present study, but L.  G. ORTEGA  AND  R. C. MELLORS  637 
there is a  wealth of other evidence,  mostly in relation  to specific antibody, 
indicating that plasma cells synthesize 7-globulin (5). Pending evidence to the 
contrary,  it  seems reasonable  to assume,  also,  that  the germinal  centers of 
lymphatic nodules do not exist solely to store "},-globulin. Furthermore,  it is 
highly unlikely that  our results represent a  unique response to the presence 
of malignant  tumors. The cell types shown to contain 7-globulin in our ma- 
terial  had  the  same  configuration  and  staining  properties  as  their  counter- 
parts  in  "normal"  lymphatic tissues and  in chronic  inflammatory  infiltrates 
not associated with neoplasms  (15).  There  is  no evidence,  so far as we are 
aware, that the function of these cell types is altered qualitatively  in patients 
with malignant tumors. 
Immune vs. Normal 7-Globulin.--The same cell types which were found to 
form */-globulin in lymphatic tissues and in a lymphoid infiltrate of man have 
been shown previously, by a two stage fluorescence method, to contain specific 
antibody in immunized animals (6-10). However, the character of the cellular 
response appears to vary markedly with the nature of the antigenic stimulus. 
When  living  bacteria  were injected  into  rabbits  and  mice  (6),  most  of the 
antibody-containing  cells  in  the  spleens  were  mature  Russell  body plasma 
cells;  there  was  only slight  activation  of Marschalko  plasma  cells,  and  no 
antibody was demonstrated in germinal  centers. On the other hand,  the dis- 
tribution of antibody in the lymph nodes of rabbits receiving  human 7-glob- 
ulin,  ovalbumin,  or  diphtheria  toxoid  was  predominantly  in  mature  and 
immature  Marschalko  plasma  cells  with  minor amounts  of  antibody  being 
present in  germinal  centers  (7-10).  There  is no mention of the presence  of 
Russell bodies in the latter work. These findings indicate that if normal 7-glob- 
ulin was being formed in our material,  this function was carried  out by the 
same cell types that produce antibody. Our results also suggest that  a form 
of antigenic stimulation capable of eliciting  a  strong response on the part of 
germinal  centers  has  not  been  studied  by  fluorescent  antibody  technique. 
In a previous study dealing  with the distribution of v-globulin as revealed 
by fluorescent antibody technique, Gitlin et al. (24) have reported the presence 
of  7-globulin  in  the  nuclei of lymphoblasts,  lymphocytes, endothelial  cells, 
and renal tubular epithelium among others, and in the cytoplasm of germinal 
center  lymphoblasts.  No  T-globulin  was demonstrated  in  the  cytoplasm of 
plasma cells or in a pattern of localization  in germinal  centers comparable to 
that presented here. While we cannot account for the latter discrepancies,  we 
feel that  the nuclear staining reported by these investigators can very likely 
be attributed  to inadequate  absorption of the fluorescent stains  with tissue 
powders. In our experience,  nuclear staining by fluorescent antibody solutions 
prepared  against  human  */-globulin has  always  been  an  immunologically 
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SUMMARY AND  CONCLUSIONS 
The cellular sites of formation of v-globulin in  lymphatic tissues of man 
and  in  a  representative  human  lymphoid  infiltrate  have  been  studied  by 
fluorescent antibody technique. 
The findings indicate that 3~-globulin is formed in the germinal centers of 
lymphatic nodules  and  in  the  cytoplasm of  mature  and  immature plasma 
cells  of two types--those with and those without Russell bodies. 
The germinal center cells  that synthesize v-globulin have been designated 
"intrinsic" cells  to  distinguish them from  the  medium and  large  lympho- 
cytes, and the primitive reticular cells  that occur elsewhere and do not pro- 
duce v-globulin. Unlike the plasma cells,  which function as individual units, 
the intrinsic cells apparently form v-globulin only when they are arranged in 
discrete  aggregations. The  function, the  blood  supply, and  the  systematic 
cellular arrangement of germinal centers justifies the postulate that they are 
miniature organs of internal secretion of ~/-globulin. 
The release of v-globulin from its sites of formation appears to be accom- 
plished  by  holocrine  and  apocrine  secretion.  Presumably,  these  secretory 
mechanisms are  adaptations  required  for  the  production of  antibody since 
they have not been described in parenchymal cells that form the other serum 
proteins. 
The cells found to form v-globulin appear to be identical with those pre- 
viously shown to form specific  antibody in response to a  variety of antigens 
in the experimental animal. This evidence indicates that normal v-globulin, 
if it exists, originates in the same cells that produce antibody. It is suggested, 
also, that each of the 3 morphologically distinct categories of cells that syn- 
thesize  ~/-globulin  represents  a  response  to  a  particular  form  of  antigenic 
stimulation. 
Nuclear participation in the process of 7-globulin synthesis was not detected 
by the technique employed. 
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EXPLANATION OF PLATES 
The illustrations are fluorescence photomicrographs of tissue frozen sections stained 
with the fluorescein-]abeUed antibodies against human v-globulin. The descriptions of 
cellular fluorescence refer to specific staining of v-globulin unless otherwise indicated. 
PLATE 75 
Fzo. 1. Mesenteric lymph node. A group of V-globulln-containing  plasma cells, including 
2 Russell body forms,  in a  medullary cord.  The clustered, oval objects on the left are fuly 
mature Russell bodies filling the cytoplasm of a single plasma ceil. Each Russell body shows 
the characteristic surface localization of reacted v-globulin. The nucleus of this cell could not 
be identified. 
The brilliantly stained plasma cell to the right of center represents the earliest stage of 
Russell body formation recognized.  The cytoplasm of this cell is filled with small globular 
masses whose unstained interiors are obscured, in the photograph, by "flare." The nucleus is 
brightened by superimposed  cytoplasmic fluorescence. 
The other plasma cells in this field are mature and immature forms without Russell bodies 
and with relatively low concentrations of cytoplasmic v-globulin. X  1400. 
FIG. 2. Axlllary lymph node. A mature Russell body plasma cell in a medullary cord show- 
ing marked variations in the size of the individual Russell bodies. This cell was torn open in 
the process of sectioning, but the position of the nucleus is indicated by the eccentric concavity. 
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(Ortega and Mellors: Cellular sites of gamma globulin) PLATE  76 
FIG. 3. Axillary lymph node. A mature Russell body plasma cell in a  medullary cord. On 
direct visual examination in  the fluorescence  microscope,  this cell was seen to contain nu- 
merous, typically stained Russell bodies, many of which were superimposed, and an eccentric, 
unstained nucleus. The photograph was taken at a plane of focus in which there was an indi- 
cation of coalescence  of adjacent Russell bodies. Extensive "flare" is imparted by the many 
Russell bodies not visualized in this plane. X  1275. 
FIG. 4.  Axillary lymph node. A Russell body plasma cell of intermediate maturity in a 
medullary cord. The eccentric nucleus is non-fluorescent but distinctly outlined. ;K  1275. 
FIG. 5. Retroperitoneal lymph node obtained at autopsy. The brightly fluorescent objects 
are T-globulin-containing  plasma cells, mostly of the Marschalko type. This node contained 
the highest proportion of stained plasma cells encountered in our material. X  70. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  106  PLATE  76 
(Ortega and Mellors: Cellular  sites  of  gamma  globulin) PLATE  77 
Fro.  6.  Mesenteric lymph node.  Clusters of  mature and immature plasma cells without 
Russell bodies in a medullary cord. Note the marked variations in the intensity of cytoplasmic 
fluorescence and the well defined cell margins. X  325. 
FIG.  7.  Spleen. A  Marschalko plasma cell in the red pulp. The fine vacuolization of the 
peripheral cytoplasm (not clearly visualized in the photograph) and the stained particulates 
adjacent to the cell are believed to represent apocrine secretion of ")'-globulin.  X  1275. 
Fie.. 8. Inguinal lymph node from a patient with lymphosarcoma. A Marschalko plasma cell 
showing a  pattern of fluorescence localization encountered frequently in our material. The 
cytoplasmic margins are sharply defined, the cytoplasmic staining is indistinctly granular, and 
the  nucleus is unstained.  X  1500. 
FIG. 9. Axillary lymph node. A Marschalko plasma cell with an intensely stained cytoplasm 
is present centrally. The granular disposition of the 3'-globulin is apparent in the thinner por- 
tions  of  the  cytoplasm  and,  especially,  in  the  cytoplasm  superimposed  on  the  unstained 
nucleus. The cell at the right  with a narrow perinuclear rim of low intensity specific fluores- 
cence is a plasmablast. )< 850. 
FIG. 10. Mesenteric lymph node. A binucleate Marschalko plasma cell in a  medullary cord. 
The cytoplasmic staining is of low fluorescence intensity, and it is indistinctly granular and 
finely fibrillar. The slightly higher fluorescence of one of the nuclei is again due to the super- 
imposition of stained cytoplasm. Fragments of other plasma cells are also present in this field. 
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(Ortega and Mellors: Cellular sites of gamma globulin) PLATE  78 
FIO. 11. Spleen. Indistinctly granular, cytoplasmic localization of"{-globulin in an immature 
plasma cell (proplasmacyte) of the red pulp. Note the relatively high nucleo-cytoplasmic ratio 
and the cytoplasmic granules overlying the nuclear margins. X  1275. 
FIG. 12. Axil]ary lymph node. A plasmablast in a medullary cord. "),-Globulin appears to fill 
the scanty cytoplasm of this cell, extending into slender cytoplasmic processes. X  1275. 
FIG.  13. Axillary lymph node. Immunologically non-specific staining of the granules of an 
eosinophilic leucocyte.  The bilobed nuclear configuration is clear at  this plane of focus.  )< 
1275. 
FIG. 14. The cortex of a cervical lymph node. Three lymphatic nodules with sharply circum- 
scribed, brightly stained germinal centers are visible. The lymphatic nodules are separated by 
portions of an autofluorescent trabecula that arch  across  the  center of  the  field  and  curve 
upward to the right. "y-Globulin is localized in the germinal centers and in a  few,  scattered 
plasma cells within the trabecula and in the interfollicular cords.  )<  75. THE  JOURNAL  OF  EXPERIMENTAI  MEDICINE  VOL. 106  PLATE  78 
(Ortega and Mellors: Cellular sites of gamma globulin) PLATE 79 
FIG. 15. Axillary lymph node. A large, active germinal center showing the characteristically 
patchy distribution of 'y-globulin.  The lightly stained or unstained areas are believed to be 
sites of recent or active proliferation of intrinsic cells.  Two parallel  tears in  the tissue are 
visible at the lower right. X  190. 
FIC.  16. Axillary lymph node. An active germinal center in which most of the peripheral 
intrinsic cells lack "/-globulin.  The germinal center margin is indicated by the arrow. X  325. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE 79 
(Ortega and Mellors: Cellular sites of gamma globulin) PLATE  80 
FIG.  17.  Axillary lymph node.  A  high magnification of a  portion of an active germinal 
center,  illustrating the characteristic details of T-globulin localization. The staining is dis- 
tributed in relatively distinct granules and globules which are  clearly intracytoplasmic al- 
though the cell margins are poorly defined. The nuclei of the intrinsic cells show marked varia- 
tions in size,  but all are unstained. Compare with Fig. 6.  X  650. 
FIG. 18. Cervical lymph node. The reticulated pattern of specific fluorescence in an inactive 
germinal center. A few, large, brightly stained globules are present, but, elsewhere, most of the 
3'-globulin is distributed in thin, finely granular strands of relatively low fluorescence intensity. 
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(Ortega and Mellors: Cellular sites of gamma globulin) PLATE  81 
FIG.  19. Axillary node. A germinal center of atypical appearance. The ~,-globulin localiza- 
tion pattern in the intrinsic cells corresponds to that of a  small, active germinal center, but 
the germinal center margins are  infiltrated by plasma cells and lymphocytes. The brightly 
stained cell at  the upper  left is a mature plasma cell. A fragment of autofluorescent debris is 
present at the upper right. X  450. 
FIG. 20.  Spleen. A portion of a germinal center containing abundant, amorphous, hyaline 
material of brilliant autofluorescence.  Most  of the visible intrinsic cells show low  intensity 
staining of scanty cytoplasmic granules.  X  600. 
FIo.  21.  Spleen.  A  sharply circumscribed germinal center between portions of  an auto- 
fluorescent trabecula. The  intrinsic cells  are  relatively uniform  in  size,  and  they show an 
unusually smooth and diffuse cytoplasmic staining of low intensity. This pattern was not en- 
countered elsewhere in this spleen or in the other tissues studied.  X  325. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 106  PLATE  81 
(Ortega and Mellors: Cellular sites of gamma globulin) 